We present the discovery of a vast cloud of ionized gas 13 (32 kpc) north of the interacting system M51. We detected this cloud via deep narrow-band imaging with the Burrell Schmidt Telescope, where it appears as an extended, diffuse Hα-emitting feature with no embedded compact regions. The Cloud spans ∼10 ×3 (25×7.5 kpc) in size and has no stellar counterpart; comparisons with our previous deep broadband imaging show no detected continuum light to a limit of µ lim,B ∼30 mag arcsec −2 . WIYN a SparsePak observations confirm the cloud's kinematic association with M51, and the high [N II]/Hα, [S II]/Hα, and [O I]/Hα line ratios we measure imply a hard ionization source such as AGN photoionization or shock heating rather than photoionization due to young stars. Given the strong [N II] emission, we infer roughly solar metallicity for the cloud, ruling out an origin due to infall of primordial gas. Instead we favor models where the gas has been expelled from the inner regions of the M51 system due to tidal stripping or starburst/AGN winds and has been subsequently ionized either by shocks or a fading AGN. This latter scenario raises the intriguing possibility that M51 may be the nearest example of an AGN fossil nebula or light echo, akin to the famous "Hanny's Voorwerp" in the IC 2497 system.
INTRODUCTION
The galaxy pair M51 (NGC 5194/5) is perhaps the most iconic interacting system. It has been a subject of study since the 1800s, its spiral structure serving as a key element in early debates over the true nature of galaxies (Steinicke 2012) . It has served, via simulations and observations, as an important dynamical benchmark for studies of tidal tails (e.g., Toomre & Toomre 1972; Burkhead 1978; Rots et al. 1990; Salo & Laurikainen 2000) and spiral density waves (e.g., Dobbs et al. 2010) . Because of its active star formation (star formation rate (SFR) ∼ 1.6 M yr −1 ; Kennicutt et al. 2009 ) and close distance (8.6 Mpc; McQuinn et al. 2016) , it is also often used to calibrate star formation tracers and gas density-SFR relations (e.g., Calzetti et al. 2005; Kennicutt et al. 2007 ). Yet despite this scrutiny, the system continues to yield surprises.
For example, while M51 is known to host extended gaseous tidal debris (Rots et al. 1990 ), the detailed impact of the interaction and subsequent star formation and nuclear activity on this extended gas is poorly understood. Narrow-band imaging by Hoopes et al. (2001) also shows an anomalous "hook" of ionized gas overlapping the companion galaxy, possibly stripped from the primary and shock-heated during the interaction. However, while M51 has been the frequent target of narrow-band imaging and spectroscopy (e.g., Hoopes et al. 2001; Thilker et al. 2002; Calzetti et al. 2005; Kennicutt et al. 2007) , to date these have lacked the wide field coverage necessary to explore the pair's extreme outskirts where more extended and diffuse ionized gas could reside.
In this Letter, we present the discovery of a new such feature in M51: a large, diffuse circumgalactic cloud of ionized gas (hereafter, the Cloud), spanning ∼10 ×3 (25×7.5 kpc) in size and located ∼13 (32 kpc) north of NGC 5194's center. We discovered this Cloud through deep wide-field narrowband imaging using the Burrell Schmidt Telescope at Kitt Peak National Observatory (KPNO). We present the results of this imaging, as well as follow-up spectroscopy done with the Sparsepak Integral Field Unit (IFU) at the WIYN 3.5m Telescope (Bershady et al. 2004 (Bershady et al. , 2005 . We discuss the Cloud's possible origins given its properties and our current understanding of the M51 system.
OBSERVATIONS AND DATA REDUCTION
2.1. Narrow-band imaging We observed M51 with the Burrell Schmidt in the Spring of 2015 using two custom ∼100 Å-wide narrowband filters designed to target Hα+[N II] emission and the adjacent continuum in nearby (D< 20 Mpc) galaxies. We observed M51 only on moonless, photometric nights in March, April, and May. The Schmidt field of view covers 1.
• 65×1.
• 65; in each filter we imaged M51 in 77×1200s images, randomly dithering pointings by ∼30 around the target. We also observed 33 offset night sky fields alongside ∼100 twilight exposures to build flat fields (described further below; however, for details, see Watkins et al. 2017) . Finally, we targeted a variety of spectrophotometric standard stars from Massey et al. (1988) for flux calibration.
We began data reduction with standard bias subtraction and nonlinearity corrections. For flat-fielding, we used a combination of night sky and twilight sky images. Due to the low count rate in the narrow-band night sky images, we combined the twilight sky images to build preliminary flat fields. However, because of the Burrell Schmidt's large field of view, these flats contain strong gradients induced by the twilight sky; we thus used the night-sky flats to model and remove these linear gradients (Watkins et al. 2017) . To remove mild (<1% amplitude) fringing from the on-band exposures, we isolated the fringe pattern from the combined on-band night- sky flats through division by the on-band twilight flat (where the fringe pattern was not visible against the much brighter flat field), then scaled and subtracted a normalized version of this fringe map from each frame using IRAF's 4 RMFRINGE package.
To reduce the effects of scattered light, we used long (1200s) exposures of Arcturus to model and remove internal reflections and the extended wings of the PSF from bright (V 10 mag) stars in each frame (see Slater et al. 2009 ). For each frame, we then hand-masked all stars, galaxies, and any scattered light artifacts, modeled the remaining sky as a plane, and subtracted it. Finally, we median combined the images to create three final image stacks with total exposure times of 25.6 hr: an on-band mosaic (composed of all on-band exposures), an off-band mosaic (similarly defined), and a "difference" mosaic created by combining individual difference images between on-off pairs observed sequentially in time (Figure 1) . We use the difference images to illustrate the morphology of the diffuse Hα, but conduct quantitative photometry on the on-and off-band mosaics directly.
Sparsepak spectroscopy
We obtained follow-up spectroscopy of the Cloud in April 2017 using Sparsepak (Bershady et al. 2004 (Bershady et al. , 2005 We took 1200s exposures of the target, chopping to a nearby sky field on occasion to yield more accurate sky subtraction. Our final object spectrum contains 31 target exposures, with 23 accompanying sky exposures of the same length. We used the IRAF tasks IMCOMBINE and CCDPROC for basic image processing (bias, overscan and dark subtraction, and cosmic ray removal) and DOHYDRA for spectral extraction, channel-to-channel correction (via accompanying dome flat exposures), and wavelength calibration (via accompanying ThAr arc lamp exposures). Calibration data were taken over the course of the run.
Due to the target's low surface brightness, we subtract sky independently of DOHYDRA, augmenting the method described in Appendix D of (Bershady et al. 2005) to take advantage of independent sky exposures. Briefly, we first we fit low-order polynomials in wavelength to each extracted fiber aperture in the combined sky frames, rejecting sky-lines via clipping, to produce a sky flat. The flat is normalized and applied to both combined object and sky extracted spectra. The sky spectra are then subtracted from the object spectra, fiber by fiber; this yields excellent subtraction of the sky continuum but leaves residuals in the sky-lines due to different line-toline temporal variations. To remove these sky-line residuals we fit low-order polynomials, with clipping, in the pseudoslit dimension for each wavelength channel. The resulting reduced spectrum is shown in 3, coadded from the seven fibers 
RESULTS
We provide the Cloud's basic properties in Table 1 , while Figure 1 shows the Cloud's morphology and position relative to M51. It is expansive (∼25 kpc long), and though it is near M51 on the sky, aside from some very faint (Σ Hα 1.6 × 10 −18 ergs s −1 cm −2 arcsec −2 ) diffuse emission northwest of the companion it shows no clear connection to the system. From polygonal aperture photometry (e.g., Watkins et al. 2015) ; the quoted uncertainty is the standard deviation of the individual fiber measurements, most of which is astrophysical variance in radial velocity. This velocity is well outside the realm of most Milky Way emission, including high velocity clouds (HVCs), which typically have velocities < 500 km s −1 (and none of which have been discovered so near M51 on the sky; Westmeier 2018). The Cloud's observed velocity is within the range of H I velocities observed in the M51 system (Rots et al. 1990 ), confirming its kinematic association with the interacting pair.
In the left panel of Figure 4 , we overlay contours of Hα emission (convolved with a 3×3 pixel Gaussian kernel to emphasize diffuse features) on a deep Burrell Schmidt B-band image of M51 (Watkins et al. 2015) . The cloud appears to have no stellar counterpart; it is undetected in the broadband imaging to a limit of µ B ∼30 mags arcsec −2 , nor is it detected in our similarly deep Washington M image (Watkins et al. 2015) . The three apertures with spectral continuum in Figure 3 each have line-emission consistent with background galaxies. Its non-detection in Washington M also implies a low [O III]λ5007Å flux: < 5 × 10 −17 ergs s −1 cm −2 arcsec −2 , or log([O III]/Hα) < −0.64. The Cloud lies just east of M51's diffuse northwestern stellar plume, and shows morphological contiguity with the northernmost of the bifurcated western streams extending from the companion, whose faintest extension arcs toward it. We also note a marginal detection of diffuse far ultraviolet emission near the Cloud (Bigiel et al. 2010) , however it is coincident with 12 µm emission visible in the WISE Galactic cirrus map (Meisner & Finkbeiner 2014) of the region, and hence cannot be firmly associated with the Cloud.
The right panel of Figure 4 shows H I contours from the Figure 3 . Top: final reduced extracted 2D spectrum of the Cloud. The seven fibers used in co-addition are marked on the right. Middle: final reduced co-added spectrum of the Cloud. The reduced spectrum is shown in black; the red curve scales this spectrum's intensity up by ×10 to show weak emission lines. The foreground sky spectrum (blue) is shown to illustrate the strong overlap between the Cloud's redshifted emission lines and telluric lines. Bottom: fitted spectrum (red) overlaid on the Cloud's reduced spectrum (black).
interferometry map of Rots et al. (1990) (Figure 3) , we measure log([N II]λ6584/Hα) = +0.06, log([S II]λλ6716,31/Hα) = −0.10, and log([O I]λ6300/Hα) = −0.77. Variations in the sky subtraction model yield line ratio uncertainties of < 0.1 dex, similar to fiber-to-fiber differences between individual fiber spectra across the field. These line ratios are significantly higher than those in H II regions, and are more typical of hard photoionization from AGN (e.g., Kewley et al. 2006) . In AGN-ionized clouds, the [N II]/Hα line ratio is largely a metallicity indicator (e.g., Fu & Stockton 2009 ) over a wide range of ionization parameters, and in the case of the M51 Cloud, suggests roughly solar metallicity for the gas.
Alternatively, the gas may be shocked. From MAPPINGS III (Allen et al. 2008) In summary, the Cloud's relatively high velocity rules out a chance projection of foreground Milky Way gas, and demonstrates the Cloud's kinematic association with tidally stripped H I gas in the M51 system. The lack of broadband light and While the Cloud's physical association with M51 is welldemonstrated, its origin is less clear. M51 is dynamically complex, with active star formation (Kennicutt et al. 2009 ), numerous and disorganized tidal features (Rots et al. 1990; Watkins et al. 2015) , and nuclear activity in both galaxies (Ho et al. 1997; Rampadarath et al. 2018 ). In such a system, a number of plausible scenarios are available to explain the Cloud's origin, including tidal or ram-pressure stripping during the interaction, infall from the surrounding circumgalactic environment, or ejection from a central starburst or AGN. Constraints on the metallicity and excitation mechanism at work in the Cloud can help differentiate between these various possibilities.
The roughly solar metallicity indicated by the [N II]/Hα line ratio constrains the gas' provenance. Such a high metallicity argues against scenarios that involve gas infalling from the circumgalactic environment, which should have lower metallicities (∼1/3 solar; Prochaska et al. 2017) . Instead, the Cloud likely comes from M51's similarly high metallicity inner regions (Bresolin et al. 2004 ). This in turn supports models where the Cloud is tidally stripped gas or, alternatively, gas ejected from M51 via winds from AGN or starburst activity. Strong outflows of gas are seen in many starburst galaxies (e.g., Dahlem et al. 1998) and AGN (e.g., Feruglio et al. 2010) , reaching large distances from the host galaxy. Given M51's ongoing interaction, tidal stripping is perhaps the most obvious origin for the Cloud. This scenario is supported by the Cloud's kinematic contiguity with M51's observed tidal H I, as well as the morphological connection between the Cloud and the NE hook at the end of NGC 5195's western tidal tail. Further information comes from existing numerical simulations which explore M51's interaction history (e.g., Hernquist 1990; Salo & Laurikainen 2000; Durrell et al. 2003) . The Cloud's far northern location and high relative velocity provide the tightest constraints on the modelsonly the multi-passage model of Salo & Laurikainen (2000) reproduces any such gas. In this model, this gas is first elevated above NGC 5194's disk plane in response to the companion's initial passage, then is pulled downward along the line of sight by the second encounter. If this model is correct, the Cloud could represent gas initially stripped out and then met by the companion at high velocity during the second passage, resulting in shock-heating (Dopita & Sutherland 2003) . From MAPPINGS III models (Allen et al. 2008) , shock velocities between ∼200-300 km s −1 reproduce the Cloud's observed line ratios, in good agreement with the 174 ± 13 km s −1 line of sight velocity difference between the Cloud and NGC 5194. However, turbulence in shocked gas should also broaden the lines, yet we measure typical line FWHM of only ∼60 km s −1 . This particular model for the M51 system also must necessarily be incomplete as it (and all other simulations to date) fails to reproduce all of the system's extended tidal features (Watkins et al. 2015) .
While the Cloud may be tidally stripped, appealing to shock heating as its ionization source may also suffer from a timescale problem. Following Fossati et al. (2016) , we can estimate the Cloud's recombination timescale from its density; using an updated derivation of the [S II] density estimator Sanders et al. (2016) , the Cloud's log([S II]λ6716/6731) ratio of 0.14 yields n ∼ 50 cm −3 , for a recombination time of ∼2000 yr, orders of magnitude shorter than the estimated time of last passage (50-500 Myr, e.g., Howard & Byrd 1990; Salo & Laurikainen 2000; Durrell et al. 2003) . However, these constraints may not be so severe. First, the uncertainty on the [S II] line ratio encompasses the low density limit of the [S II] density estimator, allowing for significantly lower densities and longer recombination times. Second, recently Gavazzi et al. (2017) argued that a diffuse cloud of ionized gas in the Coma Cluster could be as old as 85 Myr. Similarly, a network of shock-excited Hα-emitting filaments is seen extend-ing ∼120 kpc between the galaxies M86 and NGC 4438 in the Virgo Cluster (Kenney et al. 2008) ; the time since closest approach between these two galaxies is thought to be ∼100 Myr ago. These observations suggest that some mechanism can prolong the lifespans of such clouds well beyond the recombination timescale. In galaxy clusters like Coma or Virgo, this mechanism is likely ongoing ram-pressure effects from the hot intracluster medium. While M51 is not in a cluster environment, numerical simulations suggest that strong galaxy interactions can lead to the formation of hot halo gas (Sinha & Holley-Bockelmann 2009) and may provide a similar mechanism here.
Alternatively, the high line ratios observed in the Cloud could be due to hard photoionization from either a central AGN or starburst driven winds. "Hanny's Voorwerp", a circumgalactic cloud near the fading AGN IC 2497 (Keel et al. 2012 ) provides a comparable example of the former; in IC 2497, it is believed that a recent interaction triggered a central AGN which illuminated and ionized the Voorwerp before nuclear activity ceased ∼10 5 years ago (evidenced by a radio jet pointing toward the Voorwerp; Keel et al. 2012) . A similar scenario may be playing out in M51, where both galaxies host active nuclei (Ho et al. 1997; Rampadarath et al. 2018) and weak nuclear jets (though only NGC 5195's jet is currently aligned with the Cloud; Ford et al. 1985; Rampadarath et al. 2018) , although the lack of strong [O III] emission implied by our broadband imaging suggests the Cloud could be older than the Voorwerp (Binette & Robinson 1987) . The currently weak nuclear activity in M51 provides another similarity with the IC 2497 system; following the method employed by Lintott et al. (2009) we find that the current nuclear X-ray luminosity of either galaxy is too faint by four orders of magnitude to account for the Cloud's total L Hα , implying that if the Cloud were ionized by AGN emission, the AGN has since faded significantly. This does not rule out past AGN activity, however, as the strength of such activity, and the jet angle, can evolve on <1 Myr timescales (Denney et al. 2014; Nawaz et al. 2016) .
Finally, the Cloud may be the result of starburst driven "superwinds" (Heckman et al. 1990) , in which outflows from young massive stars and supernovae in a galaxy's disk generate expanding bubbles of hot gas through the IGM. These bubbles can "blow out" and generate localized shocks in density inhomogeneities in the galaxy's gaseous halo tens to hundreds of kiloparsecs from the starburst (Heckman et al. 1990 (Heckman et al. , 2017 . One nearby example is the "cap" of ionized gas observed ∼10 kpc north of the starburst galaxy M82 (Devine & Bally 1999; Lehnert et al. 1999) , which lies parallel to M82's disk and in direct line with its starburst winds (clearly outlined in Hα and X-ray emission; Lehnert et al. 1999 ). However, M51 contains no known features indicative of superwinds, its SFR is a factor of two lower than that in M82 (after correcting for extinction; Lehnert et al. 1999; Kennicutt et al. 2009) , and the Cloud is much more distant from M51 than the cap is from M82 (>32 kpc, i.e., the projected distance). If the shock front is traveling at 300 km s −1 (as we estimate from MAPPINGS III models; Allen et al. 2008) , this implies the proposed superwind shock front has been propagating for >100 Myr, significantly longer than starburst durations in most known superwind galaxies (typically of order 10 7 yr; Heckman et al. 1990 ). Therefore, this scenario appears unlikely unless the Cloud's orientation with respect to NGC 5194's disk was significantly more favorable in the past.
SUMMARY
We report the discovery of a vast, diffuse ionized gas cloud projected 13 (32 kpc) north of the interacting galaxy pair M51. The Cloud spans 13 ×3 (25×7.5 kpc) in size, and its systemic velocity (637 ± 13 km s −1 ) confirms its association with the M51 system. The Cloud has no embedded star formation, and its high [N II]/Hα, [S II]/Hα, and [O I]/Hα line ratios suggest AGN photoionization or shock heating. While not directly overlapping with M51's tidal features, the Cloud shows mild evidence of morphological contiguity with the companion galaxy's bifurcated western arm, and kinematic similarity to adjacent tidally stripped H I.
The strong [N II] emission implies high solar-like metallicities, such that rather than being primordial infall, the Cloud has likely been expelled from the inner disk of NGC 5194 via tidal stripping or AGN/starburst winds. The currently low level of nuclear activity in both galaxies implies that if the Cloud were ionized by AGN activity, this activity has since faded (a situation similar to IC 2497 and Hanny's Voorwerp; Lintott et al. 2009; Keel et al. 2012) . Alternatively, the Cloud may have been ejected by starburst driven "superwinds" (Heckman et al. 1990 ), however M51's low SFR relative to known superwind galaxies (e.g., M82; Devine & Bally 1999; Lehnert et al. 1999) , as well as the Cloud's extreme distance from M51 (>32 kpc), suggests that this scenario is less likely. Finally, the gas may be shock heated due to the ongoing interaction between the galaxy pair; if so, it may lend support to the multi-passage interaction model of M51 proposed by Salo & Laurikainen (2000) , to date the only such model to produce significant high velocity gas north of the system.
To discriminate between these various scenarios for the Cloud's origin, additional spectroscopic observations are needed which target emission lines that probe the Cloud's density and temperature structure, better constrain its metallicity, and differentiate between photoionization and shockheating models for the Cloud. Additional information would come from mapping the line ratios and kinematics of the Cloud across its spatial extent as well.
The Cloud's size and structure -and, perhaps most importantly, the proximity of the M51 system -provide a unique opportunity to study the detailed effects of feedback and ionization on the circumgalactic environments of galaxies. The local universe contains very few known examples of extended diffuse emission sources like the Cloud; each new example provides a wealth of new information about tidal interactions, feedback processes, and the mutual interaction between galaxies and their environment. In particular, if the Cloud is a fossil nebula or echo of strong AGN activity in M51, it would be the most nearby example of a rapidly fading AGN, and also represent a new and critical piece to our understanding of the iconic M51 system.
